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Abstract
We present the results of the search for the production of pairs of stops with ﬁnal states consisting of a single
isolated lepton, large missing transverse energy and at least four jets, performed by the CMS experiment. The data
sample studied corresponds to an integrated luminosity of 19.5 fb−1 of proton-proton collisions at a center of mass
energy of
√
s=8 TeV. No excess above the standard model background expectation is observed. The results are used
to exclude stop masses up to 650 GeV, for neutralino masses below 250 GeV, within the context of supersymmetric
models that predict production of pairs of stops that decay either to a top quark and a neutralino or to a bottom quark
and a chargino.
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1. Introduction
If supersymmetry (SUSY) is the natural solution of
the gauge hierarchy problem of the standard model
(SM) [1], the top squark should be relatively light, with
a mass below 1 TeV, in order to cancel the quadrati-
cally divergent top quark loops. Also, if R parity is
conserved, the Lightest Supersimmetric Particle (LSP)
would be stable and could be a dark matter candidate.
We describe here a search for production of pair of stops
that could decay either to a top quark and a neutralino
(t˜ → tχ˜01) or to a bottom quark and a chargino ( t˜ →
bχ+), where the lightest neutralino, χ˜01, is the LSP. Both
of these decays could have large branching ratios, if they
are kinematically allowed. Fig. 1 shows the two topolo-
gies of interest: pp → t˜t˜∗ → tt¯χ˜01χ˜01 → bb¯W+W−χ˜01χ˜01
and pp → t˜t˜∗ → bb¯χ˜+1 χ˜−1 → bb¯W+W−χ˜01χ˜01. The anal-
ysis is focused on the case where one of the W bosons
decays hadronically and the other leptonically. The ﬁ-
nal states studied are: a single isolated lepton, four jets,
two of them originating from b quarks, and large miss-
ing transverse energy produced by the two neutralinos
which scape detection. The data sample analised cor-
responds to proton-proton collisions at a center of mass
energy of
√
s= 8 TeV with a total integrated luminosity
of 19.5 fb−1, collected by the CMS experiment in 2012.
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Figure 1: Feynman diagrams for top squark pair production with t˜ →
tχ˜01 (left plot) and t˜ → bχ˜+1 (right plot) decay modes.
The SM backgrounds for the topologies studied, in
order of relevance are: 1) Dilepton tt¯: tt¯→ bb¯W+W− →
bb¯νν¯l+l−, with one of the leptons not identiﬁed by the
detector, 2) Semileptonic tt¯: where one of the W bosons
decays leptonically and the other hadronically, 3)Rare
processes: tt¯W, tt¯Z, tt¯γ, WW, WZ, ZZ, WWW, WWZ,
WZZ, ZZZ, tW, which are characterized by very low
cross sections, and 4) W + jets events.
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We summarize here the major steps of the analysis, a
detailed report can be found in reference [2].
2. Event selection and background reduction
Events are required to have one single muon (or elec-
tron) with a transverse momentum pT > 30 GeV (pT >
25 GeV) and a pseudorapidity of |η| < 2.1 (|η| < 1.44),
large missing transverse energy, EmissT > 100 GeV, and
at least four jets with pT > 30 GeV and |η| < 2.4 with at
least one of them tagged as a b-quark. Lepton isolation
is guaranted by demanding no particle activity within a
cone of radius ΔR =
√
(Δη)2 + (Δφ)2= 0.3, where Δφ
(Δη) is the diﬀerence in azimuthal angle (pseudorapid-
ity) between the lepton and the other particles of the
event at the primary vertex interaction. Contribution of
particles or jets from pileup interactions are estimated
and subtracted on an event-by-event basis [3]. Events
are rejected in case there are additional leptons, isolated
tracks or hadronic tau candidates. The above event ﬁl-
tering criteria is called the event ”preselection” which is
followed by additional requirements of kinematic vari-
ables as explained in the rest of this section. The sin-
gle lepton requirement reduces the dilepton tt¯ back-
ground. Additionally, one useful kinematic variable that
further reduces the dilepton tt¯ events is MWT2, which cor-
responds to the minimum “mother” particle masss com-
patible with all transverse momenta and mass-shell con-
straints [4]. MWT2 has an end point at the top quark mass
for tt¯ events, which is diﬀerent for signal events.
The transverse mass MT is constructed from
the lepton pT and the EmissT vector: MT =√
2EmissT p
l
T (1 − cos (Δφ)), where plT is the transverse
momentum of the lepton and Δφ is the diﬀerence of
azimuthal angles of the lepton and the direction of the
EmissT . The semileptonic tt¯ background is reduced by re-
quiring MT to be larger than the mass of the W boson
(MT>120 GeV). A topological variable that also helps
to reduce tt¯ backgrounds is the minimum diﬀerence in
azimuthal angle between the EmissT vector and the two
highest pT jets (min Δφ). tt¯ events tend to have lower
values of min Δφ compared to signal events because of
the high pT values of the top quarks. Given that signal
events have LSPs recoiling against the visible objects
produced, then the EmissT vector ends up in the opposite
hemisphere to the one with more energy deposited. This
is not the case for tt¯ backgrounds, where the top quarks
recoil against each other depositing, in average, simi-
lar amounts of energy in both detector hemispheres. A
topological variable is constructed to take into account
this fact: HratioT , which is deﬁned as the fraction of the
total scalar sum of the transverse energies of the jets
(HT ) that are in the same hemisphere of the EmissT vec-
tor. Therefore, HratioT should be smaller for signal events
than for background events.
In the t˜ → tχ˜01 topology, the dilepton tt¯ background
can also be further reduced by ﬁnding the three jets
that are consistent with the hadronic top decay (t →
bW → bqq¯). For this purpose a hadronic top χ2
is constructed for each triplet of jets in the event as:
χ2 =
(Mj1 j2 j3−Mtop)
2
σ2j1 j2 j3
+
(Mj1 j2−MW)
2
σ2j1 j2
, where Mtop and MW
are the masses of the quark top and W boson, respec-
tively, Mj1 j2 j3 is the mass of the three-jet system, Mj1 j2
is the mass of the 2 jets that are expected to originate
from the W boson decay, σ j1 j2 j3 and σ j1 j2 are the corre-
sponding uncertainties of the three jet and two jet mass
systems, respectively. The three jets wtih the minimum
χ2 are selected, one of them being tagged as a b-jet.
Other useful discriminant is the highest pT value of the
tagged b-jets. For the topology t˜ → bχ˜+, the pT spec-
trum of the b quark is harder for signal than for tt¯ back-
ground because in the signal case the b quark proceeds
from the decay of a top squark while in the background
case the b quark comes from a top quark decay. Also, in
the topology t˜ → tχ˜01, where the top quark is oﬀ-shell,
the pT spectrum of the b-quark is softer for signal than
for background.
3. Backgrounds and signal regions
Backgrounds are estimated from Monte-Carlo (MC)
simulations. To minimize systematic uncertainties from
jet energy scale, lepton identiﬁcation eﬃciency, inte-
grated luminosity and production cross sections, the to-
tal MC SM backgrounds are normalized to the number
of events in the peak of the MT distribution, which is
background dominated. Background MC simulation is
validated deﬁning three control regions that enrich data
samples with speciﬁc background sources while main-
taining kinematical properties similar to the signal : 1)
A sample dominated by dilepton tt¯ events, obtained by
requiring the presence of two leptons in the event, 2)
A sample dominated by dilepton and smileptonic de-
cays of tt¯ events, obtained by requiring one lepton and
one isolated track or hadronic tau candidate, and 3) A
sample dominated by W + jets events, by requiring no
b-tagged jets in the event.
Fig. 2 shows the MT , EmissT and M
W
T2 distributions,
after event preselection, which are in agreement with
the MC SM backgrounds.
The analysis requires to make a scan on the SUSY pa-
rameter space deﬁned by the masses of the SUSY par-
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Figure 2: Comparison of data with MC simulation for MT (upper
plot), ETmiss (middle plot) and MWT2 (lower plot) distributions. Over-
layed with dashed lines is the t˜ → tχ˜01 distribution (scaled by a factor
of 1000) for mt˜= 650 GeV and mχ˜01
= 50 GeV.
ticles involved in the topologies studied: t˜ and χ˜01. Dif-
ferent signal regions (SRs) have to be deﬁned in order
determine the best kinematical cuts that tend to max-
imise signal over background. Two approaches are fol-
lowed: 1) A cut-based approach that sequentially select
events based on individual kinematic variables, and 2) A
boosted decision tree (BDT) approach that combines all
the kinematic information from MC samples of signal
and background to provide a discriminant. The BDT
improves the sensitivity of the search by about 40%
compared to the cut-based approach because it takes
into account the diﬀerent correlations of the variables
used. The cut-based analysis is useful as a cross-check.
Separate BDTs are trained for the two topologies
considered (t˜ → tχ˜01, t˜ → bχ˜+1 ) and for the diﬀerent
SRs deﬁned. Deﬁnition of SRs are based on the dif-
ference of the masses of the top squark and neutralino,
ΔM = mt˜ − mχ˜01 .
4. Results and Conclusions
Fig. 3 shows the BDT-discriminant distribution for
MC simulation and data of t˜ → tχ˜01 events that satisfy
the loose and tight BDT signal region requirement. The
observed and predicted number of background events
statistically agree in all SRs for both topologies studied.
No evidence is observed for top squark pair production.
The results are interpreted in the context of the two
scenarios described in Fig. 1, asuming 100 % branch-
ing ratio for each. Upper limits are set on the signal
production cross section at 95 % conﬁdence level in the
mχ˜01 vs mt˜ parameter space and then compared to the ex-
pected rate of pp → t˜t˜∗ to stablish exclusion regions of
SUSY parameter space. Fig. 5 shows the excluded re-
gions for t˜ → tχ˜01, and t˜ → bχ˜+1 for chargino mass of
mχ˜± = 0.5(mt˜ + mχ˜01 ). These results probe top squark
masses between 150 GeV to 650 GeV, for neutralino
masses up to 250 GeV, speciﬁﬁc values would depend
on the details of the SUSY model. The results of the
t˜ → tχ˜01 search exclude points with mt˜ − mχ˜01 < Mtop,
where the top-quark is oﬀ-shell, but are not sensitive
to points with mt˜ − mχ˜01 = Mtop because the neutralino
is produced at rest in the top-quark rest frame, produc-
ing very low EmissT and MT values. The polarization
of the intermediate and ﬁnal states are model depen-
dent [5]. The exclusion regions obtained with unpolar-
ized top quarks are compared to the cases of pure right-
handed and pure left-handed top quarks in Fig. 4. Also
in Fig. 4 the case of t˜ → bχ˜+1 with unpolarized chargino
and left/right Wχ˜01χ˜
± symmetric coupling is compared
to other limiting scenarios.
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Figure 3: Comparison of data with MC simulation for BDT discrimant
outputs for the loose and tight signal region selection in the t˜ → tχ˜01
scenario.
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Figure 4: Excluded SUSy regions at 95% CL for the t˜ → tχ˜01 scenario
(upper plot) and for the t˜ → bχ˜+1 case (lower plot).
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